Abstract. This study is devoted to the optimal design of compressed bars under axial compressive forces and exposed to a corrosive environment. The initial volume of the structure is taken as an optimality parameter. Gutman -Zainullin's exponential stress corrosion model is adopted for analysis. Analytical and numerical results are derived for optimal variation of the cross-sectional area of the bar along its axis.
Introduction
Elements of many engineering structures are exposed not only to loads and temperatures, but also to various corrosive environments. These factors often appear in highly unfavorable combinations, reducing the load carrying capacity and service life of the structure. Neglecting corrosive environments in analysis may lead to premature and often emergent halting of the system's operation, causing great damage to both the environment and economy. As noted by Morgan (1981) , mankind has entered a "century of corrosion." With limited natural resources available these corrosion processes may have a determining influence on the speed of technological advance. On the other hand, development of technology results in the fact that the proportion of accidents involving management errors is projected to be on decline, while the proportion of hardware failures, due to corrosion damage, may be on the rise.
Often the effect of the corrosion on the behavior of the structure is inadequately treated. This occurs when durability due to corrosion is defined as the product of an average corrosion velocity by the period of service.
As noted in Ovchinnikov and Sabitov (1982) , apparently the first model describing the corrosion process was the Faraday's 1 st Law of Electrolysis linking mass of a substance, current and the process duration. Based on experimental results, we conclude that the corrosive process of structure in an aggressive environment is determined by the temperature, the stress-strain state, the nature of the aggressive environment and time span the structure resides in the corrosive environment. In certain circumstances the governing parameters may also include fluid pressure, Corresponding author, Professor, E-mail: elishako@fau.edu speed of fluid, or of aggressive gas, characteristic location of elements in the structure and other factors. Different researchers offered various models to describe the same process. In these circumstances, selecting one of many possible corrosion models depends, as aptly noted by Nalimov (1971) on the level of one's "intellectual aestheticism."
The influence of stress on corrosion speed, known as the corrosion rate, was apparently first considered by Dolinskii (1967) , who dealt with strength of thin-walled pipes subjected to a continuous corrosion rate as a linear function of stress. Exponential dependence of corrosion in the stress of the structure was proposed by Gutman and Zainullin (1984) .
Papers by Potchman and Fridman (1977 ,1995 ,1996 ), Fridman (2002 , and Fridman and Zyczkowski (2001) utilized Dolinskii's model for optimization study under corrosion. This study extends the above papers to the exponential stress corrosion model by Gutman and Zainullin to study the stability optimization in the corrosive environment.
Problem statement
We consider the problem of optimal design employing the criterion of a minimum weight of columns loaded with axial compressive P force, simply supported at both ends ( Fig. 1 ) and prone to corrosion. We adopt the corrosion model introduced by Gutman and Zainullin (1984) which reads -constant coefficients, σ(t) = P/b(t)h is the stress, 0 b and b(t) is the depth of the rectangular cross section in the initial and current states, respectively, h is the width taken as a constant. We consider the case when the corrosion affects both the top and bottom facets cross-section. This fact explains the factor 2 in Eq. (1) Separation of variables in Eq. (1) leads, with a notation a P h
Taking into account the familiar series expansion
we get from Eq. (2)
Invoking initial conditions at t = 0 we obtain 
Lagrange function and optimality conditions
The minimum weight of the column is achieved by the optimal distribution of the initial height of the rectangular cross section 0 b along column's length. In terms of the volume
The conditions of optimality are expressed as equations Euler-Lagrange
where f is the so-called Lagrange function with additional condition in the form of Eq. (6) as follows
The governing equation for buckling of the column reads
Note that the buckling takes place at t T > in h direction since 
Evaluation of derivatives yields 
Chentsov's method
Hereinafter, we utilize method proposed by Chentsov (1936) (see also Rzhanitsyn (1955) to solve the Eq. (17). We introduce the following notation 
One can check by the direct differentiation that the integral of the latter equation is
where С is an arbitrary constant. For further integration one should take into account that 0 = C for adopted boundary conditions. Indeed, assuming the buckling mode as being symmetric with respect to the middle cross-section of the column, we establish that y,
and k are even functions of x. Hence, the derivatives of y as well as k would be odd functions of x and thus vanish at 0 x = . Therefore, letting in Eq. 
Particular cases
First let us consider case (a) when in the expansion of exponent in Eq. (3) the first two terms are retained. In this case we get a model of corrosion similar to the model of Dolinskii (1967) .
The Eqs. (6) and (26) become, respectively
We introduce the following non-dimensional quantities ( ) 
In view of 
2
In this case, the Eqs. (27) and (28) 
In view of the above notations we get ( ) V ′′ from Eq. (39) by using random search algorithm Gurvich et al. (1979) .
This algorithm, which is based on the global random search incorporates the idea of controllable selection of test points and multiple lowering to approach a local extremum. The original method for searching direction choice is proposed in the present contribution. The process of random search is realized as follows; we express
where ∑ is a single random uniformly distributed vector; 
or the non-dimensional quantities 
Substituting the expression into Eq. (43) with Eq. (29), we derive
.
B C V and V ′′
Let us now consider the special case (c) when in Eq. (3) n = 3 terms are retained. In this case, the Eqs. (6) and (26) Since these terms appears in the denominators in (50), then respectively, the contribution of terms containing B² and B 3 are decreased.
An increased slight difference (between 1.5-10%) in all three cases occurs when the corrosion rate depends strongly on B, as shown in Fig. 5 .
Summing up the above, the use of corrosion model by Dolinskii allows one to get a sufficiently accurate of the optimization problem for bars in axial compression in corrosive environment, when corrosion rate does not depend strongly on B. However, when corrosion rate strongly depends on B, one is recommended to utilize the model by Gutman and Zainullin. The results of his study include, as a particular case, the analysis associated with the Dolinskii's corrosion model. As such it represents a generalization of previous study by Fridman and Zyczkowski (2001) . It appears that the future studies on buckling optimization ought to include linear and/or exponential corrosion models depending on the corrosive environment the structure is residing in.
